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Quantitative Bridge Inspection 
Ratings using Autonomous 
Robotic Systems
Use autonomous robotic system to improve 
reliability of:
Condition assessment of concrete structures 
using impact sounding
Condition assessment of concrete structures 
using laser vibrometers
Hydraulic design of bridges using autonomous 
water vehicles
Objective
Condition assessment of concrete 
structures using impact sounding
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• Literature
 Scott et al. (2003): GPR is less effective compared to chain drag 
sounding in detecting delamination. 
Chain drag sounding GPR system
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• Literature
 Popovics (2010) has proposed a conceptual full-lane scanning device 
for impact sounding and has shown significant potential of impact 
sounding for bridge deck inspection.  Further research on mitigating 
noise effect is needed.
Dr. Anil Agrawal, 
City College of New York
• Literature
 Popovics (2010) has proposed a conceptual full-lane scanning device 
for impact sounding and has shown significant potential of impact 
sounding for bridge deck inspection.  Further research on mitigating 
noise effect is needed to develop this methods for the inspection of 
decks and other concrete surfaces.
Delamination
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• Literature
 Sun et al. (2018) has developed an automated acoustic scanning 
system for delamination detection of bridge deck. A new ball-chain 
sounding system was proposed to obtain soundings with less noise. 
However, the classifier for delamination detection has not been well 
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• A recent NCHRP study on “Inspection Guidelines for Bridge 
Post-Tensioning and Stay Cable Systems Using NDE 
Methods”, NCHRP 848, has shown that impact sounding 
is the most effective method among NDE methods for 
detecting voids in cable ducts and anchorages.
Impact sounding
(Source: NCHRP 848)
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Impact Sounding Algorithms:
 A majority of current approaches are based on fundamental 
frequency or PSD analysis. Computer programs have been 
developed in Matlab/Python for these methods. PSD as feature 
and support vector machine (SVM) as the classifier.  
 In addition, we have developed computer program for EMD 
approach, which could remove the noise effectively and also 
extracts the temporal feature of the signal.  
 We have validated these methods using labeled impact 
sounding data from Prof. Tong at Xiamen University in China, 
including 1,200 cases.







































Impact sounding data: clustering
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• Support vector machine (SVM)
An SVM model is a representation of the examples as points in space, 
mapped so that the examples of the separate categories are divided 
by a clear gap that is as wide as possible. New examples are then 
mapped into that same space and predicted to belong to a category 
based on which side of the gap they fall.
H1 does not separate the classes. 
H2 does, but only with a small margin. 




Impact sounding data: classification results












































Impact sounding data + traffic noise
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Test Bed for Impact Sounding Tests
• Developing data sets both manually and through crawler.
• Engineered different types of defects.
• Both over-deck and under-deck inspection.











































Condition assessment of concrete 











Condition assessment of concrete 










Hydraulic design of bridges using 
autonomous water vehicles
The work on hydraulic design and modeling of bridges has been partially supported
through FHWA contract number DTFH61‐14‐D‐00010, Task order 0209 entitled “Post‐
Hazard Engineering Assessment of Highway Structures”


























Hydraulic design of bridges using 
autonomous water vehicles
• Wider scale of watershed data in Tuckahoe Creek


































• Scour responsible for maximum number of
failures of bridges.
• Current scour analysis based on 1-D
hydraulic analysis because of unavailability
of bathymetric data.
• High quality bathymetric data using
autonomous bathymetric boat.
• Work on this aspect in joint collaboration
with another FHWA project on post-hazard
assessment of bridges.

















Fishing smarter than hydraulic 
inspection!
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Thank you very much!
